Nuclear 

Nuclear, Biological, and Chemical (NBC) Conditions 

From the Air Force Survival Manual AFR 64-4 

Nuclear Conditions 

29-1. Introduction. The possibility of "induced conditions" has served to intensify the difficulties of basic 
and combat survival because of the serious problems posed by nuclear, biological, and chemical warfare. 
Though the prescribed survival procedures recommended in other parts of this regulation are still applicable, 
a number of additional problems are created by the hazards of induced conditions. 

29-2. Effects of Nuclear Weapons . Nuclear weapons cause casualties and material damage through the 
effects of blast, thermal radiation, and nuclear radiation. The degree of hazard from each of these effects 
depends on the type of weapon, height of the burst, distance from the detonation, hardness of the target, 
and explosive yield of the weapon. 

a. Blast. The blast wave is the cause of most of the destruction accompanying a nuclear blast. After a 
nuclear detonation, a high-pressure wave develops and moves outward from the fireball. The front of the 
wave travels rapidly away from the fireball as a moving wall of highly compressed air. An example of the 
speed of the blast wave is: At 1 minute after the burst, when the fireball is no longer visible, the blast wave 
has traveled about 40 miles and is still moving slightiy faster than the speed of sound. There are strong winds 
associated with the passage of the blast wave. These winds may have a peak velocity of several hundred 
miles an hour near ground zero. Ground zero is the point on the ground directly above or below the point of 
detonation. The overpressure, which is the pressure in excess of the normal atmospheric pressure, and the 
winds are major contributors to the casualty and damage-producing effects of the nuclear detonation. The 
overpressure can cause immediate death or injury to personnel and damage to material by its crushing 
effect. The high-speed winds propel objects, such as tree limbs or debris, at great speed and turn them into 
potentially lethal missiles. These winds can also physically throw personnel who are not protected, resulting 
in casualties. People both inside and outside of a structure may be injured as a result of blast damage to that 
structure; those inside by the collapse of the structure and by fire; and those outside by the flying objects 
carried by the winds (figure 29-2). 
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Figure 29-2. Blast. 

b. Thermal Radiation: 

(1) Heat. Within less than a millionth of a second of the detonation of a nuclear weapon, the extremely hot 
weapon residues radiate great amounts of energy. This leads to the formation of a hot and highly luminous, 
spherical mass of air and gaseous residue which is the fireball. The heat radiated from the fireball contributes 
to the overall damage caused by a nuclear burst by igniting combustibles and thus starting fires in buildings 
and forests. These fires may spread rapidly among the debris produced by the blast. In addition, this intense 
heat can bum exposed personnel at great distances from ground zero where the effects of blast and initial 
nuclear radiation become insignificant. The degree of injury from thermal radiation becomes more marked 
with the in- creasing size of the weapon. The degree of injury from thermal radiation is also affected by 
weather and terrain. During periods of limited visibility, the heat effect will be reduced significantly. 
Additionally, since thermal radiation is primarily a line-of-sight phenomena, terrain masking can help reduce 
its effects (figure 29-3). 
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Figure 29-3. Thermal Radlalian. 

(2) Light. The fireball formed at the instant of a nuclear detonation is a source of extremely bright light. To 
an observer, 135 miles away from the explosion, the fireball of a 1-megaton weapon would appear to be 
many times more brilliant than the Sun at noon. The surface temperatures of the fireball, upon which the 
brightness depends, do not vary greatly with the size of the weapon. Consequently, the brightness of the 
fireball is roughly the same, regardless of the weapon yield. This light can cause injuries to personnel in the 
form of temporary or permanent blindness. Temporary blindness from a burst during daylight should be of 
very short duration and is not an important consideration for anyone other than aircrew members. At night, 
this loss of vision will last for longer periods because the eyes have been adapted to the dark. However, 
recovery should be complete within 15 minutes. The light flash can cause permanent injury to the eyes due 
to bums within the eye, but this is only likely to occur in personnel who happen to be looking directiy at the 
fireball at the instant of explosion (figure 29-4). 




Figure 29-4. Light. 



c. Nuclear Radiation: 



(1) Initial nuclear radiation is the radiation emitted in the first minute after detonation. For practical purposes, 
it consists primarily of neutrons and gamma rays. Both of these types of radiation, although different in 
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character, can travel considerable distances through the air and can produce harmful effects in humans. 
Gamma rays are invisible rays similar to X rays. These penetrating rays interact with the human body and 
cause damage to tissues and the blood-forming cells. The effects of neutrons on the body resemble those of 
gamma rays. They are highly penetrating and are easily absorbed by human tissue. Neutron radiation can 
penetrate several inches of tissue. The neutron radiation produces extensive tissue damage within the body. 
The major problem in protecting against the effects of initial radiation is that a person may have received a 
lethal or incapacitating dose of radiation before taking any protective action (figure 29-5). 




Figure £9-5- Nuclear Radiation. 

(2) Residual nuclear radiation is that which lasts after the first minute and consists primarily of fallout and 
neutron-induced radiation. 

(a) The primary hazard of residual radiation results from the creation of fallout. Fallout is produced when 
material from the Earth is drawn into the fireball, vaporized, combined with radioactive material, and 
condensed to particles which then fall back to the Earth. The larger particles fall back immediately in the 
vicinity of ground zero. The smaller particles are carried by the winds until they gradually settle on the 
Earth's surface. The contaminated areas created by fallout may be very small or may extend over many 
thousands of square miles. The dose rate may vary from an insignificant level to an extremely dangerous one 
for all personnel not taking protective measures. 

(b) A secondary hazard which may arise is the neutron-induced radioactivity on the Earth's surface in the 
immediate vicinity of ground zero. The intensity and extent of the induced radiation field depend on the type 
of soil in the area around ground zero, the height of the burst, and the type and yield of the weapon. The 
only significant source of residual radiation from an airburst weapon is induced activity in the soil of a limited 
circular pattern directly beneath the point of burst (figure 29-6). 
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Figure 29-6. Residual Radiation. 

29-3. Types of Nuclear Bursts. Nuclear bursts may be classified into three types according to the height 
of burst-airbursts, surface bursts, and subsurface bursts (figure 29-7). 

a. Airburst The detonation of a nuclear weapon at such a height that the fireball does not touch the surface 
of the Earth is called an airburst. Blast, thermal radiation, and initial radiation effects are increased in a low 
airburst. Fallout of radioactive material from an airburst is not of survival significance unless rain or snow 
falls through the radioactive cloud and brings the material to Earth. Neutrons from the detonation will cause 
induced radiation in the soil around ground zero. Except for very high airbursts, neutron-induced radiation in 
the area of ground zero will be of concern to survivors who are required to go into or across the area. 
Radiological monitoring will be required as units pass through such an area so that hazardous levels of 
radiation can be detected and avoided, if possible. 

b. Surface Burst. The detonation of a nuclear weapon at such a height that the fireball touches the surface 
of the Earth or water is called a surface burst. Blast, thermal radiation, and initial nuclear radiation are not as 
widespread as from an airburst. Induced radiation is present but will be masked by residual radiation from 
fallout. The fallout produced by a surface burst is by far its most dangerous effect because the burst picks 
up a great deal more debris and radioactivates this debris; and, depending on the prevailing winds, the 
fallout covers thousands of square miles with high levels of radioactivity. 




Figure 29-7. Types of Blasts. 
c. Subsurface Burst. The detonation of a nuclear weapon so that the center of the fireball is beneath the 
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surface of the Earth or water is called a subsurface burst. If a fireball of this type breaks through the surface, 
fallout will be produced. Thermal radiation will not be a significant hazard since it will be almost completely 
absorbed by the soil. Blast effects will also be significantly reduced. Shock waves passing through the 
ground or water will extend for a limited distance. The range of the initial nuclear radiation will be 
considerably less than from either of the other two types of bursts because this will also be absorbed to a 
great extent by the soil. However, extremely hazardous residual radiation will occur in and around any 
crater. If the fireball does break the surface, shock waves will pass through the ground and craters may 
result due to settling. 

29-4. Injuries. The explosion of a nuclear bomb can cause three types of injures-blast, thermal radiation 
and nuclear radiation. Many survivors receive a combination of two or all three of the above injuries. For 
example, an unprotected person could be killed by a piece of debris, could be burned to death, or could be 
killed by initial nuclear radiation if the person is within a few thousand yards from the center of the blast. 

a. Blast Injuries. Direct blast can cause damage to lungs, stomach, intestines, and eardrums, or can cause 
internal hemorrhaging. However, the direct blast is not considered a primary cause of injury because those 
close enough to suffer serious injury from the direct blast will probably die as a result of initial thermal 
radiation, or they will be crushed to death. The greatest number of blast injuries are received as an indirect 
result of the blast from falling buildings, flying objects, and shattered glass. 

b. Thermal Radiation Injuries. Bums are classified in degrees according to the depth to which the tissues 
are injured. In first-degree burns, the skin is reddened as in sunburn. In second-degree bums, the skin is 
blistered as from contact with boiling water or hot metal. In third-degree bums, the skin is destroyed or 
charred and the injury extends through the outer skin to deeper tissues. The degree of bum received from 
thermal radiation depends upon weather conditions, distance from the explosion, and available protection. 
Many thermal casualties are compounded by nuclear radiation and indirect blast injury. This makes it 
difficult to attribute casualties to thermal radiation alone. 

c. Nuclear Radiation Injuries. The injurious effects of nuclear radiation from a nuclear explosion 
represent a new threat which is completely absent in conventional explosions. This does not infer that this 
source of injury is the most important in a nuclear explosion. Rays from radioactive material are not as great 
a hazard as people fear. The amount of danger from fallout depends upon where and how the nuclear bomb 
explodes and how well the person is protected. The greatest danger from residual radiation (fallout) comes 
from exposure for a long period of time to radioactive particles which are nearby, or from dust settling on 
the body or clothing. Since fallout (like X rays) can destroy living tissue, particularly in the blood-forming 
system, the exposure of persons working in a radioactive or "hot" area must be controlled so as not to 
exceed a safe limit. Although a person can become seriously ill and even die from breathing radioactive dust, 
there is less danger from this than when the whole body is exposed to fallout. Remember, all types of 
radiation are dangerous (nuclear, thermal, X ray, or even that from an infrared lamp). 

29-5. Types of Residual Radiation. The radioactive debris deposited on the surface as fallout contains 
three types of nuclear radiation-alpha particle emission, beta particle emission, and gamma radiation (figure 
29-9). 
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Figure 29-9, Fallout, 

a. Alpha Emitters . Alpha particles have low penetrating abilities; therefore, survivors can easily shield 
themselves against these particles. Although alpha particles emitting (being given off) from radioactive 
elements will not penetrate the skin, alpha emitters present a serious hazard if ingested, inhaled, or allowed 
to enter the body by any other means. From a survival standpoint, alpha particles present the least danger of 
the three radiation hazards. 

b. Beta Emitters . Basically, beta particles (radiation) are high-speed electrons which are only slightly 
penetrating; therefore, survivors can easily shield themselves against beta radiation by wearing materials of 
moderate thickness such as heavy shoes and clothing. Because serious skin bums may result from the direct 
contact of beta-emitting materials with the skin, survivors should take special care to brush themselves off, 
wash any previously unprotected areas of the body, or cover any exposed parts of the body. Since beta 
radiation is rapidly absorbed by the air, distance will provide a good form of protection; in fact, 6 to 7 feet 
of atmosphere will stop most of the beta radiation resulting from fallout. In addition to presenting an external 
hazard, beta radiation will also cause serious internal effects. By using care in decontaminating foods and 
water and practicing good hygiene, survivors can greatly decrease the seriousness of this hazard. 

c. Gamma Radiation. In contrast to either alpha or beta emitters, gamma radiation is highly penetrating. 
Gamma rays are similar to light rays and X rays, but are composed of shorter wavelengths and contain 
greater amounts of energy. Because of their penetrating abilities, they are the most hazardous of all types of 
external radiation. 

(1) Fortunately, for the survivor faced with the important problem of obtaining immediate protection against 
gamma radiation, the amount of shielding is not as great as that required for the initial gamma radiation 
emitted during the fireball stage of a nuclear detonation. In addition to shielding, other methods of protection 
against penetrating gamma radiation, later addressed in more detail, include using the factors of time and 
distance. Because of the low absorption coefficient of gamma rays, their relative internal hazard is greatiy 
reduced and, in this respect, they are far less dangerous than alpha and beta radiation. However, caution 
should be taken to ensure no radiation is absorbed-internally or externally. 

(2) Since the fallout dust or debris contains particles emitting gamma rays, survivors must be especially 
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careful to decontaminate themselves and their shelter area. Though radioactive fallout sometimes has the 
appearance of white ash or dust, it usually cannot be detected by the human senses. Survivors must assume 
any suspicious film of dust on water or plant life is radioactive, and they should apply decontamination 
procedures. 

29-6. Effects of Fallout on the Individual. The most harmful effects of fallout result from the changing of 
the blood cells. Because of this change in cells, some of the tissues which are essential to normal functioning 
of the human body are damaged or destroyed. The cells are unable to rebuild, so normal cell replacement in 
the organism is stopped. In addition, the formed products act as poisons to the remaining cells. The extent 
of damage to the body cells depends upon the dose received. Therefore, if the body receives a large dose 
of fallout radiation (gamma rays and possibly some beta particles), so many cells can be affected that 
survival is unlikely due to infection resulting from the loss of white blood cells. 

a. An overdose of radiation from fallout could be received if the survivor stays in the open and doesn't seek 
shelter. It is also possible to receive an overexposure from the fallout which settles on the clothing or body. 
Clothing does not stop gamma rays from penetrating and seriously injuring body tissues. Overexposure can 
also occur from remaining in a highly radioactive area too long. A survivor should not leave a shelter area 
unless absolutely necessary. 

b. The first indication of an overdose of fallout radiation probably would not show up for several hours or 
possibly days. The survivor would then most likely become ill and begin to vomit. The time elapsing before 
the illness would depend on how large a dose was received. When vomiting starts, it does not necessarily 
mean death will follow. For a few days, a survivor might feel far below par, but with proper medical care, 
complete recovery is possible (figure 29-1 1). 
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Figure 29-11- Radiation Sickness Symptoms, 



29-7. Radiation Detection. Since radiation is invisible and cannot be detected by the physical senses, 
detection instruments are used. This equipment includes devices for measuring the amount and intensity of 
area contamination and devices for determining the radiation dosage a survivor has received while in a 
contaminated area. A single radiation measurement usually has limited operational significance, except to 
personnel in the immediate area, since it gives information at the point of the reading only. However, a 
number of individual measurements considered together can give a picture of the radiation pattern over an 
entire area. A number of readings made at the same point over a period of time are required to determine 
the rate of decay of the fallout. Several different points for taking readings may be required in varying types 
of terrain. 
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a. Measurement of Radiation. Instruments developed for the detection and measurement of radiation are 
called radiac instruments. Radiac instruments measure the absorption of radiation, either in terms of 
dose-rate or dosage. 

(1) Dosage is the term applied to the total or accumulated amount of ionizing radiation (beta or gamma) 
received regardless of the time involved. Dosage is measured in terms of roentgens (r) or milliroentgens 
(mr). One milliroentgen is .001 of a roentgen. The total quantity of ionization received during a single 
radiation experience is called a dose. The radiation dose is also referred to as an exposure dose. 

(2) When it is desirable to know how fast a certain dosage is being received, the term dose-rate is used to 
indicate this rate. Dose-rate is the amount of radiation being received per unit of time. Generally, the 
dose-rate is expressed in r/hr or mr/hr. The dose-rate is also used to indicate the level of radioactivity in a 
contaminated area (figure 29-13). 
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Figure 29-13. Decay Ratio. 

b. Radioactive Decay. The concept of radioactive decay is of vital importance in obtaining protection 
against nuclear fallout and in determining survival procedures. The debris from a nuclear explosion is made 
up of a mixture of radioactive materials of many kinds: unfissioned particles, fission products, and numerous 
other radioisotopes created by the neutron activation of inert material that takes place during the explosion. 
Fortunately, of the nearly 200 isotopes emerging, 70 percent are short-lived materials with a half-life of less 
than 1 day. Some elements, however, take a much longer time to decay; these are known as long half-life 
elements. 

(1) Half-life is the time required for a radioactive substance to lose 50 percent of its activity through decay. 
Half-life for a mixture of isotopes (a term used to define precise species of elements) is not as simple as that 
described for a single radioactive isotope. The activity of the mixture diminishes very quickly after 
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detonation, but as time passes, the longer-lived species become responsible for the major part of the 
radiation remaining, so that total radioactivity diminishes much more slowly. 

(2) As a rule of thumb, radioactivity may be said to decrease in intensity by a factor of 10 for every 
seven-fold increase in time following the peak radiation level. Figure 29-13 illustrates the rapidity of the 
decay of radiation from fallout during the first 2 days after the nuclear explosion which produced it. Notice 
that it takes about seven times as long for the dose-rate to decay from 1000 roentgens per hour (1000 r/hr) 
to 10 r/hr (48 hours) as to decay from 1000 r/hr to 100 r/hr (7 hours). Only in high fallout areas would the 
dose-rate 1 hour after the explosion be as high as 1000 roentgens per hour. 

(3) If the dose-rate 1 hour after an explosion is 1000 r/hr, it would take about 2 weeks for the dose-rate to 
be reduced to 1 r/hr solely as a result of radioactive decay. Weathering effects will reduce the dose-rate 
further; for example, rain can wash fallout particles from plants and buildings to lower positions on or closer 
to ground. Surrounding objects would reduce the radiation dose from these low-lying particles. Figure 
29-13 also illustrates the fact that at a typical location where a given amount of fallout from an explosion is 
deposited later than 1 hour after the explosion, the highest dose-rate and the total dose received at that 
location are less than at a location where the same amount of fallout is deposited 1 hour after the explosion. 
The longer fallout particles have been airborne before reaching the ground, the less dangerous is their 
radiation. 

(4) Two weeks after the last burst, the occupants of most shelters could begin working outside the shelters, 
increasing the number of hours each day. Exceptions would be in thermal damaged areas or in areas of 
extremely heavy fallout such as might occur downwind from important targets attacked with many weapons, 
especially missile sites and very large cities. To know when to come out safely, occupants would either need 
reliable fallout meter to measure the changing radiation dangers, or they would need to receive information 
based on measurements made nearby with a reliable instrument, using the information in figure 29-14. 
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29-8. Body Reactions to Radiation. The effects of ionizing radiation upon the human body may be 
divided into two broad categories-chronic effects and acute effects. 

a. Chronic Effects. Chronic effects are defined as those occurring some years or generations after 
exposure to radiation. Included in this category are the cancer-producing and genetic effects. While of 
concern because of their possible damage to future generations, these effects are of minor significance 
insofar as they may affect immediate survival. 

b. Acute Effects. Acute effects are of primary significance in survival. Some acute effects appear within a 
few hours after exposure to radiation. These effects are the result of direct physical damage to tissue caused 
by radiation exposure; beta bums are examples of acute effects. 

c. Body Damage. The extent of body damage depends to a large degree on the part and extent of the 
body exposed and the ability of the body to recover from radiation damage. Certain parts of the body, such 
as the brain and the kidneys, have little ability to recover from injury, while other portions of the body, such 
as the skin and bone marrow, can repair damage. The extent of body exposure to radiation is of great 
importance in determining the chances of subsequent recovery. If a dose of 350 roentgens was applied to 
just a small portion of the body, such as the hands or face, there would probably be little effect on overall 
health. Serious damage would, of course, be created in these exposed parts. 

d. Hazards from Residual Radiation. There are two main hazards resulting from residue hazard, resulting 
from highly penetrating gamma radiation and less penetrating beta radiation which causes bums; and an 
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internal hazard, resulting from the entry of alpha- and beta-emitting particles into the body. 

(1) The external hazards result in overall irradiation and serious beta bums, while the internal hazards result 
in irradiation of the critical organs such as the gastrointestinal tract, thyroid gland, and bone. 

(2) A very small amount of radioactive material can cause extensive damage in these and other parts of the 
body if allowed to enter the body by consumption of contaminated food or water or by absorption by the 
bloodstream through cuts or abrasions in the skin. By comparison, the material gaining entry by breathing 
presents a lesser hazard. Fortunately, most of the fallout particles are filtered out by the upper respiratory 
tract as seen in the observations of victims on the Marshall Islands who were accidentally exposed to fallout 
during the 1954 nuclear test. By using good hygiene and careful decontamination of food and water, a 
survivor can further reduce the internal hazard. 

e. Degree of Radiation Damage. Because of the sensitivity of the gastrointestinal tract to radiation, the 
severity and the speed with which vomiting and diarrhea appear after exposure are good indicators of the 
degree of radiation damage. Almost everyone confined to im- mediate action shelters after a nuclear attack 
would be under stress and without clean surroundings. Many would also lack adequate water and food. 
Under these conditions, perhaps half the survivors who receive a whole-body dose of 200-450 roentgens 
would die within a few days. The human body can repair most radiation damage if the daily radiation doses 
are not too large. 

29-9. Countermeasures Against penetrating External Radiation: 

a. The means of protection from external radiation are threefold-time, distance, and shielding. By controlling 
the length of exposure time, by controlling the distance between the individual and the source of radiation, 
and most important of all, by placing some absorbing or shielding material between the survivor and the 
source of radiation, the survivor's level of radiation can be significantly reduced and thereby increase the 
chances of survival. 

(1) Time . The effect of time on radiation exposure is easy to understand. Take a simple example such as 
the following: Assume a person is in an area where the radiation level from penetrating external radiation is 
100 roentgens per hour and the dose-rate is constant; then in 1 hour, that person would receive 100 
roentgens (or more properly, roentgen absorbed dose (rad)); in 2 hours, 200 rad; and in 8 hours, 800 rad. 
The important implication for a survivor is that, since radiation dosages received should be considered to be 
essentially cumulative, as little time as possible should be spent in an unprotected area, whether constructing 
a shelter or searching for water. Time is also of vital importance from another standpoint, that of radioactive 
decay. Knowledge of this characteristic can serve as one of the primary means of protection against 
radiation from fallout. The importance of time as a protective factor may be seen clearly by the following 
example. If survivors were to enter a high-intensity fallout area of 1000 roentgens per hour in which the 
radiation intensity had just peaked and remain there for 1 hour in the open, they would accumulate a 
biologically damaging dose of approximately 650 rad. This is a dose strong enough to kill 9 out of 10 
people exposed to it. If, however, they entered this same area some 48 hours later and remained there for 1 
hour, they would receive a dose of approximately 10 rad. Even if they were then required to remain in the 
open for 24 hours, their dose would only be 170 rad. Two weeks after the completed fallout, they would 
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receive only one rad per hour in this same area. They could then remain in the area for several months, 
accumulating a dose of 180 rad, and not develop severe radiation sickness because of the rate at which the 
dosage was received. 

(2) Distance. Distance is effective as a means of protection against penetrating gamma radiation as shown 
by the inverse square law. This law states the intensity of radiation decreases by the square of the distance 
from the source. In other words, survivors exposed to 1000 units of penetrating external radiation at 1 foot 
from the source would receive only 250 units at 2 feet, when they double the distance, the radiation level is 
reduced by (V2) 2 or one-fourth the amount. When the distance is tripled, the dose is reduced to (5/8) 2 or 
one-ninth of the original amount (or 1 1 1 units). At 10 feet, this is further reduced to (1/10) 2 or 
one-hundredth of the radiation exposure at 1 foot. This relationship of distance to intensity of radiation 
exposure is dependent upon the distribution pattern of the radiation source. As just seen, if the radiation is 
concentrated into a very small area (referred to as a point source), the intensity is decreased to about 
one-fourth the original amount each time the distance is doubled. A complicated relationship, however, is 
obtained when the radiation source is not concentrated in a point, but is spread around in random patterns 
as in the case of surface contamination from fallout. 

(3) Shielding. The third and most important method of protection against penetrating radiation is that of 
shielding. Since the damaging effects of penetrating radiation arise from the fact that the rays interact with 
electrons in the body, survivors must place dense material between themselves and the source of radiation. 
The more electrons there are in the makeup of the shielding material, the more gamma radiation will be 
stopped from entering the body. Lead, iron, concrete, and water, are all examples of good shielding 
materials. Of the three described countermeasures against penetrating external radiation, shielding gives the 
greatest protection, is the easiest to use under survival conditions, and is, therefore, the most desirable. If 
shielding is not possible, however, the other precautions should be rigorously followed. The degree of 
protection they afford is significant and could provide the necessary margin of safety for survival (figure 
29-16). 




Figure 29-16. Shielding. 

b. It is a common misconception that radioactive fallout can impart its radioactivity to the object with which 
it comes in contact, such as fruits and vegetables. The rays from radioactive fallout particles cannot make 
something radioactive merely by being in contact with it. For this reason, canned foods and smooth-skinned 
fruits and vegetables may be eaten once they have been decontaminated. 
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(1) Everyone entering a contaminated area should wear protective clothing (CW ensemble) to prevent 
exposure to radioactive dust. The main reason for this precaution is to shield the skin from beta particles. 
Beta particles won't penetrate far into the body, but they will harm the skin. The effect, a reddening and 
blistering of the skin, is called a "beta bum." Such damage may not appear until sometime after exposure 
since beta particles have a delayed action. Survivors may not know they have received skin bums from beta 
particles until it is too late. Therefore, protective clothing should be worn as instructed. Sleeves should be 
down and buttoned, wrist and ankle openings taped, and gloves and boots worn, if possible. 

(2) Alpha particles are lowest in ability to penetrate, but they are most hazardous when taken into the body 
through contaminated food and drink. The best defense against alpha particles is to ensure all food is 
properly decontaminated before consumption. 

(3) If at all possible, a survivor should always avoid "hot" areas. Sometimes, a survivor cannot avoid contact 
with this environment and, when entering a "hot" area, should keep radioactive dust off the body and out of 
the body's system. If survivors inhale radioactive dust, they can suffer serious internal injury. If there is 
radioactive dust in "hot" areas, a protective filter should be used over the mouth and nose. 

c. The presence of fallout material in the area will require some minor modification of medical procedures. 
Wounds should be covered to prevent entry of active particles. Burns from beta activity are treated like any 
other bum, except the burned surface should be washed. Measures to prevent infection should be 
emphasized since the body will be especially sensitive to infections because of changes in the blood. Extra 
attention should be given to the prevention of colds and respiratory infections. The eyes should be covered 
to prevent entry of particles. Improvised goggles may be used for this purpose. 

29-10. Shelter. A sufficient thickness of shielding material will reduce the level of radiation to negligible 
proportions. The thickness required to reduce gamma radiation from fallout is much less than that necessary 
against initial gamma radiation since fallout radiation has much less energy than the initial radiation from a 
nuclear explosion. Thus, a comparatively small amount of shielding material can provide good protection 
against residual gamma radiation. 

a. The following table illustrates the thicknesses of various materials required to reduce the penetration from 
residual fallout gamma sources by 50 percent: 



Iron and steel 


.7 inches 


Concrete 


2.2 inches 


Brick 


2.0 inches 


Dirt 


3.3 inches 


Ice 


6.8 inches 


Wood (soft) 


8.8 inches 


Snow 


20.3 inches 



b. The principle of half- value layer thickness is useful in understanding the absorption of gamma radiation by 
various materials. According to this principle, if 2 inches of brick reduce the level of gamma radiation by 
one-half, adding another 2 inches of brick will reduce the intensity by another half, namely to one-fourth the 
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original amount; 6 inches will reduce the level of fallout gamma radiation to one-eighth its original amount; 8 
inches to one-sixteenth; and so on. Thus in a shelter protected by 3 feet of earth, a radiation intensity of 
1000 roentgens per hour on the outside would be reduced to about one-half roentgen per hour inside the 
shelter. 

c. Areas where terrain provides natural shielding and easy shelter construction, such as the sides of ditches, 
ravines, rocky outcroppings, hills, and riverbanks, are ideal locations for an emergency shelter (figure 
29-17). In level areas lacking natural protection, dig a foxhole or slit trench. 



STEM 




STEP 2 




STEP 3 




Figu re 29-17. Immediate Shelter. 

(1) In digging a trench, the survivor should work from the inside of the hole as soon as it is large enough to 
cover part of the body to prevent exposure of the entire body to radiation. In open country, an attempt 
should be made to dig the trench from a prone position, stacking the dirt carefully and evenly around the 
trench. On level ground, the dirt should be around the body for additional shielding. Depending upon soil 
conditions, the time to construct a shelter will vary from a few minutes to a few hours. Rapid shelter 
construction will limit the dosage received. Building a shelter under a tree is not recommended because 
cutting or digging out the numerous roots will be very difficult. Another disadvantage in making a shelter 
under trees is that more of the gamma rays from fallout particles on the leaves and branches would reach 
and penetrate the shelter than if these same particles were on the ground. Many gamma rays from fallout 
particles on the ground would be scattered or absorbed by striking rocks, clods of earth, tree trunks, or 
buildings before reaching a below-ground shelter. 

(2) While an underground shelter covered by 3 or more feet of earth would provide the best protection 
against fallout radiation, the following additional unoccupied structures (in the order listed) offer the next best 
protection: 

(a) Caves and tunnels covered by more than 3 feet of earth. 

(b) Storm or storage cellars. 
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(c) Culverts. 

(d) Basements or cellars of abandoned buildings. 

(e) Abandoned buildings made of stone or mud. 

d. Building a roof on the shelter should not be required. A roof should only be added if the materials are 
readily available to the survivor and will require only a brief exposure to the outside contamination. If the 
construction of a roof would require extended exposure to penetrating radiation, it would be wiser to leave 
the shelter roofless. The function of a roof is to lend distance from the source of fallout to the body, and 
unless dense roofing is used, a roof provides only scant shielding. A simple roof can be constructed out of a 
piece of parachute anchored down by dirt, rocks, or other refuse from the shelter. Large particles of dirt 
and other debris may be removed from the top of this parachute canopy by beating it at frequent intervals. 
Such a parachute cover will not offer shielding from the radiation emitted by active fission products 
deposited on the outer surface, but it will increase the distance from the fallout source and keep the shelter 
area covered from further contamination. 

e. The primary criterion for locating and establishing a shelter site should be to obtain protection as rapidly 
as possible against the high intensity radiation levels of early gamma fallout. Five minutes to locate the shelter 
site is an excellent guide. Speed in obtaining shelter is essential. Without shelter, the dosage received in the 
first few hours will exceed that received during the rest of the week in a contaminated area: the dosage 
received in this first week will exceed that accumulated during the rest of a lifetime spent in the same 
contaminated area. 

(1) Several initial actions should be kept in mind while seeking a shelter location. The survivor should: 

(a) Where possible, attempt to remain with the aircraft until it is possible to eject or land in an area at least 
20 miles upwind or crosswind from any known target. This action will ensure the landing area will have a 
minimum amount of fallout (figure 29-19). 




Figure 29-19. Route of TraveL 



(b) If it can be controlled, parachute opening should be delayed until a comparatively low altitude is reached 
in order to reduce the time of exposure to fallout during the descent. 

-1. During the descent, select areas on the ground likely to provide good shelter. 
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-2. Immediately upon landing, take the parachute and survival kit and find cover and protective shelter. 
-3. Take precautions to avoid detection and capture, but not at the expense of additional exposure to 
radiation which will lessen the chance of survival. 

(2) In selecting and establishing the shelter, the survivor should keep the following additional factors in mind 
in order to reduce the time of exposure and the dosage received: 

(a) Where possible, seek a crude existing shelter which can be improved. If none is available, dig a trench. 

(b) Dig the shelter deep enough to obtain good protection, then enlarge it as required for comfort. 

(c) Cover the top of the foxhole or trench with any readily available material and a thick layer of earth, if 
possible, without leaving the shelter. 

(d) During the descent and while constructing a shelter, keep all clothing on, as well as a cap, scarf, and 
gloves to obtain protection against bums from beta radiation. 

(3) The shelter location should be brushed or scraped clean of any surface deposit with a branch or some 
other object to be certain that contaminated materials are removed from the area to be occupied. The swept 
area should extend at least 5 feet beyond the area where the shelter is being dug. Any material brought into 
the shelter should be decontaminated. This includes grass or foliage that is being used as insulation or 
bedding material, outer clothing (especially footgear), and the parachute if it is to be used. If weather permits 
and the parachute and outer clothing are heavily contaminated, the survivor may want to remove them and 
bury them under a foot of earth at the end of the shelter. These may later (after decay factor) be retrieved 
when leaving the shelter. If these materials are dry, decontamination may be done by beating or shaking 
them outside the entrance to the shelter to remove the radioactive dust. Any body of water, even though it 
may contain contaminated particles, may be used to rid materials of excess fallout particles by simply 
dipping the materials into the water and shaking them to remove excess water. Do not wring out materials 
since this will trap the contaminated particles. If at all possible, wash the body thoroughly with soap and 
water without leaving the shelter. This washing will remove most of the harmful radioactive particles which 
are likely to cause beta burns or other damage. If water is not available, the face and any other exposed 
skin surfaces should be wiped to remove contaminated dust and dirt. This may be done with a clean piece 
of cloth or a handful of uncontaminated dirt obtained by scraping off the top few inches of soil and using the 
"clean" dirt. 

f. Upon completion of the shelter, the survivor should lie down, keep warm, sleep, and rest as much as 
possible during the time spent in the shelter. There is no need to panic if nausea and symptoms of radiation 
sickness are experienced. Even small doses of radiation can cause these symptoms which may disappear in 
a short time. The following provides the time necessary to avoid serious dosage and still allow the 
opportunity to cope with survival problems: 

(1) Complete isolation should be maintained from 4 to 6 days following delivery of the last weapon. A very 
brief exposure for procurement of water on the third day is permissible, but exposure should not exceed 30 
minutes. 

Page 18 



Nuclear 

(2) On day 7, one exposure of not more than 30 minutes. 

(3) On day 8, one exposure of not more than 1 hour. 

(4) From day 9 through day 12, exposure of 2 to 4 hours per day. 

(5) From day 13 on, normal operation, followed by rest in a protected shelter. 

29- 1 1 . Water. In a fallout contaminated area, available water sources may be contaminated with 
radioactive particles. If possible, the survivor should wait at least 48 hours before drinking any water to 
allow radioactive decay to take place. Selecting the safest possible source of water will greatly diminish the 
danger of ingesting harmful amounts of radioactivity. 

a. Although many factors, such as direction of wind, rainfall, and amount of particulate matter (clay, for 
example) in the water, will influence the choice in selecting water, the following priorities of water sources 
are recommended: (As an additional precaution against disease, all water sources should be treated with 
water purification tablets from the survival kit or boiled for at least 10 minutes.) 

(1) Water from springs, wells, or other underground sources having natural filtration will be the safest 
sources of water. 

(2) Any water in the pipes or containers of abandoned houses or stores will also be free from radioactive 
particles and, therefore, safe to drink, although precautions will have to be taken against bacteria in the 
water. 

(3) Snow taken from a level which was 6 or more inches below the surface during the fallout should be a 
safe source of water. 

(4) Water from streams and rivers will be comparatively free from fallout within several days after the last 
nuclear explosion because of the dilution factor. If at all possible, such water should be filtered before 
drinking. 

(5) Water from lakes, pools, ponds, and other standing sources is likely to be heavily contaminated, though 
most of the heavier, insoluble isotopes will settle to the bottom. 

b. The degree of solubility of various isotopes varies. Some fission products are extremely water soluble, 
but most are relatively insoluble. Certain isotopes, in fact, have been found to be as much as 90 percent 
insoluble. The significance of this fact is that 99 percent of the radioactivity in water could be removed by 
filtering it through ordinary earth (figure 29-21). The best method of filtration is to dig sediment holes or 
seepage basins along the side of a water source. The water will seep laterally into the hole through the 
intervening soil which will act as a filtering agent and remove the contaminated fallout particles which have 
settled on the original body of water. It is important the hole be covered in some way (example, with a 
parachute) to prevent further contamination (figure 29-22). 
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Figure 29-21. Filtering Water. 
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Figure 29-22. Settling Water. 

c. Settling is one of the easiest methods used to remove most fallout particles from water. Furthermore, if 
the water to be used is muddy or murky, settling it before filtering will extend the life of the filter. The 
procedure is as follows: 

(1) Fill a bucket or other deep container three-fourths full of the contaminated water. 

(2) Dig dirt from a depth of 4 or more inches below the ground surface and stir it into the water. Use about 
a 1-inch depth of dirt for every 4 inches of water. 

(3) The water is stirred until practically all of the dirt particles are suspended in the water. 

(4) This mixture should be allowed to settle for at least 6 hours. The settling dirt particles will carry most of 
the suspended fallout particles to the bottom and cover them. The clear water can then be dipped or 
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siphoned out and purified. 

29-12. Food. Obtaining edible food in a radiation contaminated area is possible. Survivors need to follow 
only a few special procedures in selecting and preparing rations and native foods for use. Since survival 
rations are protected by secure packaging, they will be perfectiy acceptable for use after the ration 
containers are decontaminated, but survivors should supplement them with any food they can find on their 
trips away from the shelter. Any processed foods which may be found in abandoned buildings are 
acceptable for use once they are decontaminated. These include canned and packaged foods after the 
containers or wrappers are discarded or washed free of fallout particles, food stored in any closed 
container, and food stored in protected areas (such as cellars). The containers should be washed before 
opening. For purposes of discussion, native food sources may be divided into two categories: plant food 
and animal food. 

a. Animal Food In the category of native animal food, survivors must assume all animals, regardless of their 
habitat or living conditions, will be exposed to radiation. Since the effects of radiation on animals are similar 
to those in humans, most of the wild animals living in a fallout area are likely to become sick or die from 
radiation during the first month following the nuclear explosion. Even though animals may not be completely 
free from radioactive materials, it may be necessary to use them as a food source. With careful preparation 
and adherence to several important principles, animals can be safe sources of food. 

(1) If an animal appears to be sick, it should not be eaten. The animal may have developed a bacterial 
infection as a result of a radiation dose. Contaminated meat could cause severe illness or death if eaten, 
even if thoroughly cooked. 

(2) All animals should be carefully skinned to prevent any radioactive particles adhering to the outside of the 
skin from gaining entry into the body. 

(3) Meat around the bones and joints should not be eaten. A large percentage of radioactivity in the body of 
animals is found in the skeleton. The remaining muscle tissue of the animal, however, will be safe to eat. 
Before cooking the animal, survivors should cut the meat away from the bone, leaving approximately 
one-eighth of a inch of meat on the bone. All internal organs such as the heart, liver, and kidneys, normally 
used as survival food, should be discarded (figure 29-24) since they tend to concentrate beta and gamma 
radioactivity. All meat should be cooked until it is very well done. To be sure the meat is well done, it should 
be cut into pieces less than one-half inch thick before cooking. This precaution also reduces cooking time 
and saves fuel. 
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Figura 29-24, Meat Procurement. 
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(4) The extent of contamination of fish and clams following nuclear tests in the Pacific was found to be much 
greater than that of the land animals. On the basis of these findings and those of other tests showing the high 
concentration of radioactivity in aquatic plants and animals, especially near coastal areas, it is recommended 
that aquatic food sources be used only in an extreme emergency, 

(5) All eggs (excluding the shell), even if laid during the period of fallout, will be safe to eat. Because animals 
absorb large amounts of radioactive strontium from the plants upon which they graze, milk from any animals 
in a fallout area should be avoided. 

b. Plant Food. Plant foods are contaminated by the accumulation of fallout on their outer surfaces or by 
means of absorption through the roots. 

(1) The survivor's first choice of plant food should be vegetables, such as potatoes, turnips, carrots, and 
other plants, whose edible portions grow underground. These are the safest to eat once they are scrubbed 
and the skins removed. Second in order of preference are those above-ground portions of the plant with 
edible parts which can be decontaminated by washing and peeling their outer surfaces; examples are 
bananas, apples, and other such fruits and vegetables. Other smooth- skinned vegetables, fruits, or 
above-ground plants, which cannot be easily peeled or effectively decontaminated by washing the 
radioactive particles of their surfaces, will be the third choice of emergency food. 

(2) The effectiveness of decontamination by scrubbing is generally inversely proportional to the roughness of 
the surface of the fruit. After the Marshall Islands incident, smooth-surfaced fruits were found to lose 90 
percent of their radioactivity after washing, while washing rough-surfaced plants removed only 50 percent of 
the contamination. Plant foods, such as lettuce, having a very rough outer surface which cannot easily or 
effectively be decontaminated by peeling or washing, should be eaten only as a last resort. Other difficult 
foods to decontaminate by washing with water are dried fruits, such as figs, prunes, peaches, apricots, 
pears, and soybeans. 

(3) Generally speaking, any plant food ready for harvest can be used for food if it can be effectively 
decontaminated. Growing plants, however, can absorb some radioactive materials through their leaves as 
well as from soil, especially if rains have occurred during or after the fallout period. With some elements, 
such as Strontium, which is extremely soluble in water, data has shown greater amounts were taken up by 
plants through their leaves than through their roots. In the tests conducted in the Marshall Islands, high levels 
of radioactivity were found in the water and on the external surfaces of the plants early after the detonation, 
but only small amounts of beta activity and no alpha activity were detected in the edible portions of the fruits 
and vegetables. High levels of contamination, similar in activity to that of the contaminated water nearby, 
were found in the sap of the coconut tree. From these and other tests, we know that small amounts of 
fission products may be immediately absorbed by plants growing on soil contaminated by fallout material. 

(4) If the countermeasures recommended for obtaining protection against penetrating external gamma 
radiation and beta radiation are taken immediately, and the rules for constructing a shelter and selecting food 
and water are applied, a survivor's chances of surviving a nuclear attack are excellent. Figures 29-26 and 
29-27 contain some summarized information applicable to a radioactive environment. 



Page 22 



Nuclear 



EQUIVALENT RESIDUAL DOSE (ERD): The body con repair 90% of a dose of radiation dan 
The unrepaired damage for any given day is the radiation dose multiplied by the ERD factor < 
number of days after the exposure. NOTE: Each subsequent dose ERD Foctor Is based a 
number of days after each subsequent dose. 
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WATER SOURCES: Uncontaminated water-solar still or snow 6 inches below contamination |. 
Delay as long as possible from drinking from contaminated sources. PRIORITY: (1) undergro 
{2) running, (3) stationary. Filter sources 2 & 3 through 12 inches of earth and add purifict 
tablets before use. BOILING WILL NOT REMOVE RADIOACTIVITY. 



ANIMAL FOOD: DO NOT BUTCHER SICK ANIMALS. Discard internal organs and meat next to b 

Hides/ feathers may be heavily contaminated. Eggs OK to eat. 

SEA FOOD: Ocean sources OK, others on a risk basis. Fish from stationary bodies of water prob 

contaminated. 

PLANT FOOD: Plants with edible portions below ground first choice. Smooth plant food eosyto* 

Rough surfaced plants difficult to wash. Wash, pare, then wash again. 



FIRST AID : NO FIRST AID FOR RADIATION SICKNESS. Infection, main danger. Personal hyg 

important. Rest, 1 avoid fatigue. Drink liquids. 

BURNS: Normal first aid. Cool and cover burn. Do not use grease, etc. Treat for possible sr 

Keep warm, lie with feet above head. 

FRACTURES: Normal first aid. Immobilize and splint. Possible shock. 

BLEEDING: Normal first aid. Apply pressure ot break. Tight tourniquet can cause loss.of limb- 
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only as lost resort. 

Figure 29-26. Equivalent Residual Dose Rate. 
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NUCLEAR EXPLOSIONS: FALL FLAT. Cover exposed body parts. Present minimal pr< 
direction of blast. DO NOT LOOK AT FIREBALL. Remain prone until blast effects over. 



SHELTER : Pick ASAP, 5 minutes unsheltered max. PRIORITY: (1) cave or tunnel covered w 
more feet of earth, (2) storm/storage cellars, (3) culverts, (4) basements, (5) abandoned 
mud building*, (6) foxhole 4 ft deep-remove topsail within 2 ft radius of foxhole lip, 

RADIATION SHIELDING EFFICIENCIES: One thickness reduces received radiation dose by or 
Additional thickness added to any amount of thickness reduces received radiation dose by or 



Iron/ Steel 


.7 in 




Earth 


3.3 in 




Wood (Soft) 


8.8 in 


Brick 


2.0 in 




Cinder Block 


5.3 in 




Snow 


20.3 in 


Concrete 


2.2 in 




Ice 


6.8 in 









SHELTER SURVIVAL: KEEP CONTAMINATED MATERIALS OUT OF SHELTER. Good weathe 
contaminated clothing outside of shelter-recover later. Bad weather; shake strongly or be 
branches. Rinse and (or)$hake wet clothing- DO NOT WRING OUT. 



PERSONAL HYGIENE: Wash entire body with soap and ANV water: give close attention to 
nails and hairy parts, No water : Wipe all exposed skin surfaces with clean cloth oruncontan 

soil. Fallout/dusty conditions, keep entire body covered. Keep handkerchief/ cloth over moi 
nose. Improvise goggles. DO NOT SMOKE. 



EXIT PLANNING : Explosion time and a dose-rate known, use rate decay nomograph. 

Explosion time unknown: 1 Take dose-rate readings every hour, 2 When any reading is 
any previous reading, multiple time difference between two readings by 7/4. 3 Subtr 
resultant from the time of first reading. 4 This new time is approximate time of explosion. Li 
time with dose rate nomograph to determine safe exit time. 

No rate meter, complete isolation first 4-6 days after last explosion. 

Day 3/7; Brief exposure, 30 minutes MAX. 

Day 8: Brief exposure, 1 hour MAX. 

Days 9-12: Exposure of 2-4 hours per day. 

Day 13 on; Normal movement. 
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MAXIMUM SURVIVAL DOSE/ERD: 200 roentgens 

Figure 29-27. Nuclear Explosions. 

Provided for you by BlueWolf Productions at: http://www.bwolf.com 
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